Abstract
Introduction

1
Bimanual coordination is one of the most frequently observed motor behavior in our daily life 2 (Vega-González and Granat 2005). Human exhibit advanced capabilities for bimanual 3 coordination. For example, controlling a steering wheel while turning a corner requires both 4 hands. Similarly, bimanual coordination is necessary for the most basic needs of living, such as 5 feeding, which are also important for non-human primates and rodents (Brinkman 1981; 6 Whishaw and Coles 1996). To use both hands in a coordinated manner, motor commands 7 between the two sides of the body must be integrated. Given that the motor representations are 8 lateralized in primary motor cortex (Boldrey and Penfield 1937) , i.e., the sides of the body are 9 represented in separate hemispheres, a bilaterally interconnecting neural structure may be 10 crucial for coordinating the right and the left side. The corpus callosum is a direct commissure 11 between cerebral hemispheres, which may provide integration of motor command between 12 contralateral cortices.
13
The corpus callosum is thought to be important for bimanual coordination because it 14 provides neural connections between homologous cortical regions in the two hemispheres 
30
In the present study, the contribution of the corpus callosum in bimanual coordination 31 is investigated by measuring food handling behavior in head-fixed rats. Our working hypothesis 32 is that the motor corpus callosum is important for symmetry in movements. To address this 33 question, we identified motor pathways in the corpus callosum that connected the two forelimb 34 motor areas n rats, and confirmed that this motor callosal connection was temporarily silenced 35 by a sodium channel blocker. We then examined the effect of blockade of the anterior corpus 36 callosum on bimanual coordination by 3-D kinematic analysis of feeding behavior. Kinematic 37 analysis was used to test two specific hypotheses (i) the anterior corpus callosum mediates 38 symmetry in forelimb movement speed; and, ii) the anterior corpus callosum mediates 39 symmetry in forelimb movement direction. We found that suppressing the anterior corpus 40 callosum connections altered the ratio of movement symmetry toward more asymmetry in 41 movement direction. However, symmetry in movement speed was unchanged. Other aspects of 42 skilled forelimb use, such as time of consumption, were unchanged. We suggest that the anterior 43 corpus callosum is important for integrating spatial representation of two motor cortical 44 forelimb areas to generate fine symmetric bimanual movements.
45
Materials and methods
1
Animals.
2 Thirty four Male Long Evan rats weighing 350-450 g were used in the study. Rats were kept 3 under a reversed 12 hrs light/dark cycle, constant temperature and humidity with free access to 4 water and food before food restriction. Animals were habituated to the experimenter for more 5 than three days before the start of behavioral training. All experiments in the present study were Tracing callosal fibers from forelimb motor areas.
10
Eight rats were used to visualize the connections between the forelimb motor areas. These rats 11 were anesthetized with isoflurane (4.0% induction, 1.5-2.0% maintenance). To visualize the 12 axonal fiber bundle, 1,1'-Dioctadecyl-3,3,3',3'-Tetramethylindocarbocyanine Perchlorate (DiI,
13
Invitrogen, USA) was used as a non-viral neural tracer. 2% DiI solution was prepared by 14 dissolving DiI crystals in 100% ethanol. 100 nL of the 2% DiI solution was then slowly injected pentobarbital and perfused with 100 mL of heparin saline solution followed by 100 mL of 4%
22
PFA in Phosphate Buffer (PB). Brains were removed and post-fixed with 4% PFA for 2 hours 23 followed by two days of saturation in 30% sucrose PB solution. The brains were sectioned at 24 100 μm and the slices were then rinsed in PB and nuclear DNA was stained with the NucBlue™ KEYENCE, Osaka, Japan) using DAPI and mCherry filters.
29
In vivo anesthetized LFP recordings.
30
Eight rats were used for recording of cortical local field potentials (LFPs). Animals were placed 31 on a stereotaxic frame under isoflurane anesthesia (3.0% induction, 1.5% maintenance and 
54
The recorded continuous 16-ch LFP data set was segmented and realigned to the time onset of 55 ICMS events to produce peri-stimulus LFP traces, using Neuro Explorer (Nex Technologies,
56
MA, USA). The mean of peri-stimulus LFPs were then computed from every 10 minutes of 57 recording. The largest sink of LFP among 16 channels was selected as the peak LFP response.
58
To visualize current source density (CSD) profile, the mean peri-stimulus LFP traces were 59 exported to MATLAB and inverted current source density (iCSD) plots were generated using 
63
Ten to twelve week old male rats weighing 350-450g were used for behavioral experiments.
64
Rats were anesthetized with isoflurane (3 -4% induction, 1.5 -2.5 % maintenance), and placed 65 on a stereotaxic frame (SR-10R-HT, Narishige, Japan). The detailed procedures of implantation 66 of head-plate has been previously described (Igarashi and Wickens, 2018). Briefly, the skull 67 was exposed and carefully cleaned with saline and cotton swabs. The eight anchor screws 68 drilled to the skull were then covered with a layer of Super Bond (Sun Medical Inc., Japan). A 69 chamber frame (CFR-1, Narishige, Japan) was positioned and secured by additional dental 
74
Rats were placed on the food deprivation protocol 1 week before habituation. Behavioral testing 75 was conducted during the middle hours of the dark cycle (10am -4 pm, reversed light cycle).
76
At the time of testing, the last feed had been given to the animals on the previous day. Testing (Fig. 3) . Cases where rats showed unusual 87 behavior, such as adopting a tripedal stance during eating, were excluded from further analysis.
89
Intracallosal drug infusion.
90
After training, rats were anesthetized with 2% isoflurane, placed in a stereotaxic frame, and 
122
To analyze organization of bilateral forelimb coordination, laterality of movement speed and 123 asymmetry in movement direction were computed as detailed by Igarashi and Wickens (2018).
124
The kinematic data was analyzed by following three steps: indicates that the speed of both forelimbs is identical (bilateral movement), whereas 142 a SpeedRatio 0 suggests that the speed of one forelimb is zero (unilateral movement).
143
Bilateral and unilateral forelimb movements were detected by setting the threshold to 0.5. In the present study the callosal bundle from the motor forelimb areas in rats was localized by 5 injecting the neural tracer DiI into two forelimb motor areas: the rostral forelimb area (RFA) 6 and the caudal forelimb area (CFA) (Fig. 1A) . DiI positive axonal fibers could be clearly 7 identified in their course through the corpus callosum (Fig. 1B) . DiI positive fiber bundles from 8 both CFA and RFA coursed mainly in the anterior part of the corpus callosum (Fig. 1C ). The
9
DiI positive fiber bundle of CFA were found posterior than RFA (Fig. 1C) . Most of the callosal 10 fibers from RFA and CFA were observed anterior to bregma (Fig. 1D) . No DiI positive axonal 11 fiber bundles were found in the posterior part of the corpus callosum (data not shown). These 12 results suggest that in the rat brain, the motor components of the corpus callosum course mainly 13 through the anterior parts of the corpus callosum.
15
Local Lidocaine injection inactivates anterior corpus callosum.
16
To study the causal role of neural signaling via the anterior corpus callosum, the local anesthetic while recording pEPSPs on the side contralateral to the ICMS ( Fig. 2A, B) . The latency of the (Fig. 2D) . In contrast, 500nL of 2% Lidocaine injection significantly suppressed 30 the sink amplitude (Fig. 2E) . The suppression of the axonal conductance was observed from 10 31 min after injection and was sustained for 25 minutes (Fig. 2F) . These result show that the 2%
32
Lidocaine injection was effective in suppressing the cortico-cortical synaptic transmission.
33
Thus, 2% Lidocaine was used to investigate the role of anterior corpus callosum in bimanual 34 coordination in the behavioral experiments.
36
Pharmacological inactivation of anterior corpus callosum in awake rats.
37
Rats were trained to perform spontaneous food handling under head-fixed conditions (Fig. 3A) .
38
Rats consumed an annularly shaped food reward (Fig. 3B ) by manipulating it in both hands,
39
and the variety of forelimb movements during feeding were recorded via reflective markers 40 attached to their wrists ( Fig. 3A and C) . The reconstructed forelimb trajectories in 3-D 41 egocentric coordinate space were used for kinematic analysis of bimanual movements (Fig. 3D ).
42
Eleven successfully trained rats were subject to Lidocaine injections into the anterior corpus and Lidocaine injection conditions (Fig. 3E) . After completion of all behavioral sessions, the 45 locations of injection cannulae were confirmed by histology (Fig. 3F -H) . Nine of eleven rats 46 successfully received Lidocaine injection into the anterior corpus callosum (Table 1 ) and these 47 rats were therefore used in the following data analyses. were classified as bilateral (Fig. 4E) , while the remaining 10.63% were unilateral movements 60 (Fig. 4F ). After injection of Lidocaine into the anterior corpus callosum, neither reduction nor 61 increase was observed (Fig. 4E,F) . These results suggest that the anterior corpus callosum does 62 not mediate the balance of movement speed between two forelimbs during feeding behavior.
64
Anterior corpus callosum plays role in symmetric forelimb movements. represented as the angle θ between the movement vectors of the forelimbs (Fig. 5A) . The
70
asymmetry index values were calculated over the 3D trajectories (Fig. 5D ). Quantitative 
84
The suppression of anterior corpus collusum neurotransmission had no significant effect on task 85 performance or measures such as mean consumption time and success rate (supplemental figure   86 1A,B). There was also no effect of variation in injection location on mean forelimb movement 87 speed, suggesting that the Lidocaine injection did not cause motor disability of forelimb by 88 spreading to the motor cortex adjacent to the injection (supplemental figure 1C,D) . Further work is needed to address this issue.
100
The mechanism underlying the contribution of the corpus callosum to symmetric bimanual The present kinematic analysis revealed a reduction of symmetric bimanual movements by 132 blockade of aCC, however, the rats were still able to perform the food handling under head-133 fixation without significant reduction in mean consumption time and successful completion rate.
134
This raises the question of why the blockage of the aCC did not significantly modify bimanual 
